The association of dietary factors with urinary bladder cancer prognosis has scarcely been investigated, and results of studies conducted to date are inconsistent. We investigated whether empirically derived dietary patterns are associated with risks of recurrence and progression in non-muscle-invasive bladder cancer (NMIBC) patients. Data from 595 newly diagnosed NMIBC patients from an ongoing prospective cohort study were used to derive dietary patterns using exploratory factor analysis. Factor scores were calculated and then categorized in sex-specific tertiles. Multivariable-adjusted proportional hazards regression models were used to estimate hazard ratios and 95% confidence intervals for the associations between tertiles of adherence to the dietary patterns and risks of recurrence and progression. We identified four dietary patterns: "fruits and vegetables," "Western," "low-fat," and "Tex-Mex." Patients in the highest tertile of adherence to the Western pattern experienced a 1.48 times higher risk of recurrence (95% CI 1.06-2.06) compared to patients in the lowest tertile. No statistically significant associations of a Western diet with risk of progression or of the other dietary patterns with risk of recurrence and progression were found. Overall, we found that adherence to a Western diet was associated with a higher risk of recurrence but further studies are needed to confirm our findings.
The association of dietary factors with urinary bladder cancer prognosis has scarcely been investigated, and results of studies conducted to date are inconsistent. We investigated whether empirically derived dietary patterns are associated with risks of recurrence and progression in non-muscle-invasive bladder cancer (NMIBC) patients. Data from 595 newly diagnosed NMIBC patients from an ongoing prospective cohort study were used to derive dietary patterns using exploratory factor analysis. Factor scores were calculated and then categorized in sex-specific tertiles. Multivariable-adjusted proportional hazards regression models were used to estimate hazard ratios and 95% confidence intervals for the associations between tertiles of adherence to the dietary patterns and risks of recurrence and progression. We identified four dietary patterns: "fruits and vegetables," "Western," "low-fat," and "Tex-Mex." Patients in the highest tertile of adherence to the Western pattern experienced a 1.48 times higher risk of recurrence (95% CI 1.06-2.06) compared to patients in the lowest tertile. No statistically significant associations of a Western diet with risk of progression or of the other dietary patterns with risk of recurrence and progression were found. Overall, we found that adherence to a Western diet was associated with a higher risk of recurrence but further studies are needed to confirm our findings.
Urinary bladder cancer (UBC) is a common malignancy with an estimated 77,000 new cases and over 16,000 deaths occurring in 2016 in the United States. 1 In patients with nonmuscle-invasive bladder cancer (NMIBC), approximately 75% of all UBC, frequent recurrences that necessitate an intensive follow-up program pose a large burden on quality of life and health care budget. 2, 3 In clinical practice, tumor characteristics are used to predict the risk of recurrence and disease progression but the predictive ability of these characteristics is limited. 4 Diet has been linked to the risk of many malignancies, 5 but its role in UBC etiology remains inconclusive. A higher fluid intake is hypothesized to be protective in some studies, [6] [7] [8] as are certain fruits and vegetables. 9, 10 On the other hand, (barbecued) meat, pork, and total fat might be associated with a higher risk of developing UBC. [11] [12] [13] [14] However, a recent comprehensive meta-analysis on UBC only found probable evidence that arsenic in drinking water increases risk and limited suggestive evidence that greater consumption of fruit and vegetables and tea decreases risk. 15 The association of dietary factors with UBC prognosis is largely unknown. Several observational studies on diet and intervention studies with dietary supplements have been conducted, but they either found no associations [16] [17] [18] [19] [20] [21] or had inconsistent results. [22] [23] [24] [25] Most of them had a limited sample size and other methodological shortcomings. Thus, more investigation in this area is needed. Since diet consists of many components that are correlated and can potentially interact with each other in a complex way, it may be better to evaluate dietary patterns rather than single factors when estimating diet-disease associations. 26 Factor analysis is a suitable method to identify die-and prognosis. [27] [28] [29] It is a method that tries to reduce a large amount of observed, correlated variables (here: food items) to a smaller amount of underlying variables, called factors (dietary patterns), that still explain most of the variation in the dataset. However, hardly any study made use of factor analysis to explore associations between dietary intake patterns and UBC risk, 30 and to our knowledge, no studies to date have investigated dietary patterns in relation to UBC prognosis. Therefore, we investigated whether empirically derived dietary patterns were associated with risk of recurrence and progression in a large ongoing prospective study of newly diagnosed NMIBC patients.
Methods

Subjects
Our study included patients enrolled at The University of Texas M.D. Anderson Cancer Center and the Scott Department of Urology at Baylor College of Medicine from 1995 onward. The procedures for subject recruitment and eligibility criteria have been described in detail elsewhere. 31 In short, patients had histologically confirmed NMIBC and did not undergo previous treatment with chemotherapy or radiotherapy. There were no restrictions on age and gender. The study was approved by the M.D. Anderson and Baylor College of Medicine Institutional Review Boards. All patients provided written informed consent prior to participation in the study.
Exclusions and eligibility
Inclusion and exclusion criteria for our study have been previously described in detail. 32 We additionally excluded participants with outlying total energy intake by removing men (n 5 21) and women (n 5 2) with values outside the range between the 25th percentile minus 1.5 times the interquartile range and the 75th percentile plus 1.5 times the interquartile range. Minority participants (n 5 48) were also excluded from the present study due to their limited number, leaving 595 non-Hispanic white patients for inclusion.
Data collection
Data were collected through a 45-min structured interview and included demographic characteristics, smoking history, family history, occupational history and exposures and medical history. A participant who had never smoked or had smoked <100 cigarettes in his or her lifetime was defined as a never smoker. A participant who had smoked at least 100 cigarettes in his or her lifetime but had quit >12 months before diagnosis was classified as a former smoker. Current smokers were those who were currently smoking or had quit <12 months before diagnosis. Body mass index (kg/m 2 ) was calculated from measured weight and height at diagnosis.
Data on dietary intake in the year prior to diagnosis were collected through another 45- Study staff obtained tumor characteristics and information on treatment, recurrence and progression through detailed chart review of medical records. In our study, recurrence was defined as a new bladder tumor following a previous negative follow-up cystoscopy. Progression was defined as the transition from NMIBC to muscle-invasive or metastatic tumors. 31 
Food grouping and dietary pattern analysis
Among the 181 initial food and beverage items, we excluded 19 that were eaten by <5% of our study population (sprouts, soy beans, fava beans, rice milk, soy milk, bottled sweetened water, vegetarian chili, tofu, meat substitutes, soy nuts and soy snacks, low-fat bacon, dairy products made of tofu, bread made with soy flour, bread made with flaxseed, Miso soup, tempeh, soy cheese, textured vegetable protein, and metamucilV R or psyllium seeds). Twenty-seven foods were grouped into seven predefined food groups according to current US Department of Agriculture food group guidelines or groups with similar nutritional profile. After these steps, there remained 135 single items or food groups (measured in gram/day) to be included in the factor analysis.
We evaluated the correlation matrix of the foods to determine its factorability through both visual inspection of the What's new? A Western diet high in fried food and red meat increases the risk of recurrent bladder cancer, a frequent complication of nonmuscle-invasive tumors. The authors used food patterns instead of food items to classify distinct diet types. Interestingly, no protective effects were found with more healthy diet patterns such as fruits-and-vegetables but the Western diet also increased risk of disease progression, albeit not significantly. This underscores the model that a Western diet negatively affects cancer etiology and prognosis.
matrix and the statistical Kayser-Meyer-Olkin measure of sampling adequacy. In order to obtain an approximately normal distribution, we performed a log-transformation of all of the remaining 135 food items or food groups after we added 1 g/day to all items to avoid food intake values of zero. We then adjusted all food intakes for energy intake with the residual method. 36 We subsequently conducted exploratory factor analysis with the FACTOR command in STATA 14.0 (StataCorp LP, College Station, TX) to reduce the number of food items and food groups into a small number of factors that explained the maximum proportion of variance in the data. We used the orthogonal varimax rotation and the Horst method to create uncorrelated and normally distributed factors. 37 For the identification of factors that best represented the data, we considered the scree plot, eigenvalues and interpretability of the factors. Foods or food groups with absolute loadings >0.30 on a given factor were considered as contributing to that factor. Retained factors were interpreted as dietary patterns and named after the items that contributed most to that factor. Dietary pattern factor scores were calculated and then categorized in sex-specific tertiles for analysis with recurrence and progression. The first tertile of each dietary pattern corresponded to the lowest factor score or level of adherence to that dietary pattern.
Statistical analysis
Baseline characteristics of the participants were presented separately by tertile for each of the retained dietary patterns. Proportional hazards regression models were used to estimate hazard ratios (HRs) and 95% CI for the associations of tertiles of adherence to the dietary patterns with recurrence and with progression. All models were adjusted for age (continuous) and sex. A multivariable model was further adjusted for education (12 years, 13-15 years, 16 years), income (<$25,000/year, $25,000-$50,000,$50,000), body mass index (continuous), smoking status (never, former, current) and 
Results
The Kayser-Meyer-Olkin measure was equal to 0.72, suggesting adequate sample size relative to the number of dietary items for conducting factor analysis. Four dietary patterns were derived from the factor analysis: "fruits and vegetables," "Western," "low-fat," and "Tex-Mex" ( Table 1) . Names of the patterns were based on the foods that had absolute factor loadings of 0.30 or higher on that factor. Together these factors represented 37% of the total variance. Participants were followed up for a median of 65.7 months. During this period, 317 patients recurred and 120 patients experienced progression to muscle-invasive bladder cancer or metastatic tumors. Detailed baseline characteristics of all 595 NMIBC patients by tertile for the Western dietary pattern are summarized in Table 2 . Patients adhering most to a Western dietary pattern were older, had a higher body mass index and smoked more pack-years. Also, coronary heart disease and hypertension were more frequent in the highest tertile, and patients seemed to be lower educated and in the lower and middle income classes. Characteristics by tertile for the other patterns are included as a supplement (Supporting Information Tables 1-3) .
Age-and sex-adjusted, and multivariable-adjusted results for the association of dietary patterns and NMIBC with recurrence and with progression are shown in Table 3 . No statistically significant associations were observed in the minimally adjusted model. Greater adherence to a Western diet was positively associated with recurrence after multivariable adjustment. Patients in the highest tertile of adherence had a 1.48 times higher risk of recurrence than patients in the lowest tertile (95% CI 1.06-2.06, p for trend 0.03). There seems to be a trend toward higher risk of progression as well with a higher intake of a Western diet (HR 1.56, 95% CI 0.91-2.65, p for trend 0.10). No significant associations with risk of recurrence and progression were found for the other dietary patterns. 5 Income per year. 6 Induction BCG. 7 Maintenance BCG. 8 Carcinoma in situ. 9 Number and percentage of patients in whom disease is present. 10 Chronic obstructive pulmonary disease, peptic disease, liver disease, chronic renal failure, renal stones, diseases of the central nervous system, diseases of the endocrine system and benign hyperplasia.
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A sensitivity analysis excluding all patients who experienced recurrence or progression within 90 days after diagnosis did not materially alter these associations (data not shown). The association of dietary patterns with risk of recurrence did not differ by tumor grade. When the analyses were restricted to BCG-treated patients only, similar associations with risk of recurrence and progression were found (Supporting Information Table 4 ).
Discussion
In our study, we observed that adherence to a Western dietary pattern, high in fried food and red and processed meat was associated with a higher risk of NMIBC recurrence. No statistically significant associations were observed for the fruits and vegetables pattern, low-fat pattern, and Tex-Mex pattern.
To our knowledge, we are the first to study the association of dietary patterns with UBC prognosis. As is the case for all single studies, it is not possible to draw conclusions based on our findings only. However, several mechanisms that are known or proposed to play a role in cancer prognosis might explain and support our results. Potentially harmful substances present in the Western diet, such as N-nitroso-compounds, polycyclic aromatic hydrocarbons and heterocyclic aromatic amines in red meat, are excreted in the urine. Therefore, they come into close contact with the inner lining of the bladder wall and may directly exert a carcinogenic effect on urothelial cells. 38, 39 Our finding that having a Western diet is associated with higher risk of NMIBC recurrence might endorse this theory. A recent metaanalysis on dietary patterns and cancer prognosis also showed an association of a Western diet with risk of recurrence for colorectal cancer but not for breast cancer. 40 Likewise, potentially beneficial substances from fruits and vegetables such as antioxidants, phenols, flavonoids and phytochemicals may be involved in carcinogenesis by acting directly on the bladder epithelium when excreted in the urine. 10, 41 Furthermore, they may be involved in numerous other carcinogenic pathways, one of which is the reduction of oxidative stress and DNA damage caused by free radicals. 14 Nevertheless, results from factor analysis underpinning these hypotheses are scarce. In our study, we did not find an association of a fruits and vegetables pattern with risk of recurrence. This is in line with a US study in 239 NMIBC and MIBC patients, which found no associations for total fruit and vegetables consumption with cancer-specific mortality, except for an inverse association of more than one compared to less than one serving of raw broccoli per month. Also for other cancers, no associations for a healthy/prudent dietary pattern with risk of recurrence were found in a recent meta-analysis of four studies conducted in breast, colorectal or head and neck cancer patients. 40 The Tex-Mex pattern is based on an American regional cuisine which is quite specific for the area where our study was conducted. Except for two studies on renal cancer risk 42 and lung cancer risk, 43 no studies reported about this pattern before. The Tex-Mex pattern contains potentially beneficial components such as legumes, as well as potentially harmful components such as red meat and pizza. The effects of the nutrients in these food items might neutralize each other, possibly explaining why we did not find an association.
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Lastly, we found the dietary pattern "low-fat" in our population. Patients adhering most to the low-fat pattern do not necessarily eat healthy but always choose for the low-fat or diet option. None of the food items contributing most to this pattern are directly linked to cancer, which may explain why we did not find an association. However, a dietary intervention trial focusing on fat reduction in early-stage breast cancer patients reported an improved relapse-free survival in the intervention compared to the control group. This finding supports that fat reduction could possibly lower risk of tumor recurrence. 44 Our study had several strengths. Most importantly, we are the first to study the association of dietary patterns with UBC prognosis. Since UBC is a common malignancy with a high burden on quality of life and the health care budget, it is important to investigate other strategies to manage the disease besides treatment. Also, we made use of a validated FFQ that provided detailed information and was able to capture the cultural differences in eating habits in the Houston area. Furthermore, we derived dietary patterns using exploratory factor analysis, which we think is the right method considering the lack of confirmed findings in the field of diet and bladder cancer prognosis. The variation explained by the four patterns we derived is relatively low, but not uncommonly so when comparing our results with that of other studies with three or four dietary patterns. 45 Also, the Western and the fruits and vegetables patterns have been consistently identified in literature. There was little overlap between patients in the same tertile for different dietary patterns, indicating that energy intake did not play a role of major importance in the derivation of factors (Supporting Information Figs. 1-4) .
Potential limitations include all weaknesses associated with the use of self-reported measurements such as recall bias and the underreporting of energy intake. 46 Furthermore, food intake was assessed once and shortly after diagnosis, and referred to the year before diagnosis. Post diagnostic diet and dietary changes after diagnosis were not assessed but may be most relevant with respect to risk of recurrence and progression. Since we decided to include only non-Hispanic whites in our analysis, the associations we found may not be generalizable to patients from other ethnic backgrounds. Even though we had a reasonable sample size of 595 NMIBC patients, statistical power for detecting an association with progression was limited. The stratified analyses had limited power as well, which may explain why we did not find any differences by tumor grade. Lastly, we cannot rule out any residual and unmeasured confounding that may to some extent explain the observed associations.
In summary, the most important finding of our study is that having a more Western dietary pattern was associated with a higher risk of NMIBC recurrence. This finding supports the hypothesis that a Western diet plays a role in the etiology and prognosis of cancer. Since diet-disease associations are complex and causality cannot be drawn from this observational study, further research is needed to confirm our findings and elucidate the association of diet with both muscle-invasive and non-muscle-invasive UBC prognosis.
